In spite of the importance of many members of the genus Burkholderia in the soil microbial community, no direct method to assess the diversity of this genus has been developed so far. The aim of this work was the development of soil DNA-based PCR-denaturing gradient gel electrophoresis (DGGE), a powerful tool for studying the diversity of microbial communities, for detection and analysis of the Burkholderia diversity in soil samples. Primers specific for the genus Burkholderia were developed based on the 16S rRNA gene sequence and were evaluated in PCRs performed with genomic DNAs from Burkholderia and non-Burkholderia species as the templates. The primer system used exhibited good specificity and sensitivity for the majority of established species of the genus Burkholderia. DGGE analyses of the PCR products obtained showed that there were sufficient differences in migration behavior to distinguish the majority of the 14 Burkholderia species tested. Sequence analysis of amplicons generated with soil DNA exclusively revealed sequences affiliated with sequences of Burkholderia species, demonstrating that the PCR-DGGE method is suitable for studying the diversity of this genus in natural settings. A PCR-DGGE analysis of the Burkholderia communities in two grassland plots revealed differences in diversity mainly between bulk and rhizosphere soil samples; the communities in the latter samples produced more complex patterns.
The genus Burkholderia is an important component of the soil microbial community (18) . For instance, Burkholderia cepacia was first described as the causative agent of onion soft rot (11) , but several strains of this species are not phytopathogenic and play an important role in promoting plant health (5) . Moreover, many species belonging to the genus Burkholderia have the ability to produce compounds with antimicrobial activity (13, 20, 28, 30) and thus can be used as biocontrol agents with activity against phytopathogens. In addition, other Burkholderia strains have been shown to be plant-growth-promoting rhizobacteria (42) , and introduction of Burkholderia species in crops such as maize and sorghum has resulted in increases in both root and shoot dry weights (4, 14) . The mechanisms involved in plant growth promotion may range from production of phytohormones to fixation of atmospheric nitrogen, as shown for Burkholderia vietnamiensis (42) . Estrada-De Los Santos et al. (21) recently showed that nitrogen fixation is a common property in the genus Burkholderia, after they isolated new diazotrophic Burkholderia species which were phylogenetically unrelated to B. vietnamiensis from coffee and maize plants. Furthermore, nonculturable bacteria belonging to the genus Burkholderia have been found as endosymbionts of arbuscular mycorrhizal fungi (6) , and genes involved in nitrogen fixation have been shown to be active at least during the germination of spores (33) . The endosymbionts were detected mainly in members of the family Gigasporaceae and were present as homogeneous populations throughout the fungal life cycle (7) . In addition to all these features, the great nutritional versatility of the genus Burkholderia, reflected in its ability to use a wide range of organic compounds as carbon sources (24) , certainly contributes to its capacity to successfully compete for root exudates and thus to efficiently colonize habitats such as the plant root. This nutritional versatility has also led to the use of Burkholderia strains for biodegradation of environmental pollutants (22) .
Concomitant with the use of members of the genus Burkholderia, there is increasing concern about the risk of using this group of bacteria in processes such as biological control and bioremediation (12) since some species are important pathogens in cystic fibrosis patients (25, 43) .
The list of species belonging to the genus Burkholderia has changed several times since 1992, when Yabuuchi et al. (47) proposed that seven former Pseudomonas species belonging to so-called rRNA group II should be grouped in this new genus, based on the results of a polyphasic taxonomic study. Now, the genus Burkholderia comprises 21 species (1, 8, 43, 46, 48) . Moreover, several strains previously identified as B. cepacia were grouped in the so-called B. cepacia complex, which comprises at least six genomic species or genomovars (16) .
The microbial community in soil is inherently complex, and assessments performed with such a complex population do not always reveal its specific components. Moreover, cultivationbased methods are limited because they do not assess the nonculturable fraction of the soil microbiota (44) . Hence, an analysis of distinct phylogenetic groups of bacteria on the basis of soil DNA is required, because such an analysis reduces the complexity and thereby facilitates assessment of the subgroups that contribute to the total diversity (35) . This can be achieved by denaturing gradient gel electrophoresis (DGGE) of PCRamplified 16S ribosomal DNA (rDNA) fragments, a technique that has been widely used to assess the diversity of various phylogenetic groups (34) .
Burkholderia spp. have been identified by techniques such as DNA-DNA hybridization, sodium dodecyl sulfate-polyacrylamide gel electrophoresis, amplified fragment length polymorphism fingerprinting, and PCR performed with primers with different degrees of specificity (3, 17, 43) . In addition, assessment of Burkholderia species in environmental samples has been based mainly on analyses of the B. cepacia complex in which restriction fragment length polymorphism analyses of the recA gene or 16S rDNA have been used (5, 18, 23) . However, none of these methods, including the PCR-based approaches, can be used to directly evaluate the diversity of the genus Burkholderia in natural settings.
The main goal of this work was to develop a method, based on PCR-DGGE, that allows direct analysis of the diversity of Burkholderia species in environmental samples. To achieve this goal, primers specific for the genus Burkholderia were developed based on the 16S rRNA gene. The PCR system was first evaluated for specificity and sensitivity by using DNAs isolated from Burkholderia and non-Burkholderia species. After optimization of the method, the PCR-DGGE system specific for Burkholderia was used to assess the diversity of this genus in soil samples.
MATERIALS AND METHODS
Bacterial strains. The strains used in this study and their growth characteristics are listed in Table 1 . All species were stored at Ϫ80°C in 20% glycerol.
Soil samples. Samples from grassland bulk and rhizosphere soil were collected in a field (Wildekamp) located in Wageningen, The Netherlands. This site has been under permanent grassland for approximately 50 years. The soil used is a loamy sand soil (3% clay, 10% silt, 87% sand) with about 2% organic matter and a pH of 4.2. Samples were taken with a soil core sampler (diameter, 3 cm) from the surface (depth, 0 to 10 cm) in two replicate plots (plots 47 and 31) in the same area. One composite sample was prepared for each plot by combining 100 such samples. Bulk soil was obtained from each composite grassland sample by removing loosely adhering soil from the plant material and mixing it thoroughly. Rhizosphere samples were prepared from the remaining root material with tightly adhering soil by removing the soil from the roots.
DNA extraction. Genomic DNAs were extracted from all bacterial strains (Table 1 ) by the method described by Duineveld et al. (19) . DNA was extracted from bulk and rhizosphere soil samples by using the MO BIO UltraClean soil DNA isolation kit (BIOzymTC, Landgraaf, The Netherlands) according to the protocol described by the supplier, except that the cells were disrupted by bead beating for 60 s with a cell homogenizer (Braun, Melsungen, Germany). The bead-beating step was included to ensure maximal cell lysis without severe shearing of the DNA (45) .
Primer design. 16S rDNA sequences belonging to members of the genus Burkholderia were retrieved from GenBank (National Center for Biotechnology Information; http://www.ncbi.nlm.nih.gov/) and were aligned using Clustal___X (41) . After alignment, the sequences were manually searched for homologous regions specific for this genus. The regions selected were analyzed further by BLAST (2) to search for homologous nucleotide sequences in the GenBank database. This procedure was repeated until the desired specificity for the genus Burkholderia was obtained. After the optimal sequences for the forward primer (Burk3; 5ЈCTGCGAAAGCCGGAT3Ј) and the reverse primer (BurkR; 5ЈTGC CATACTCTAGCYYGC3Ј) were determined, a GC clamp (5ЈCGCCCGGGG CGCGCCCCGGGCGGGGCGGGGGCACGGGGGG 3Ј) (27) was attached to the 5Ј end of the forward primer so that it could be used in a DGGE system. PCR. Amplification of 16S rDNA from genomic DNA was performed in 50-l reaction mixtures containing 1 l of DNA (5 to 10 ng), 200 mol of each deoxyribonucleoside triphosphate per liter, 400 mol of each primer per liter, 1ϫ TaqPlus Precision buffer (Stratagene, Leusden, The Netherlands), and 2 U of TaqPlus Precision polymerase mixture (Stratagene). Amplification from soil or rhizosphere DNA extracts using a direct PCR was performed in 50-l reaction mixtures containing 5 to 10 ng of target DNA, 10 Amplification was performed with a PTC-100 thermal cycler (MJ Research, Inc., Tilburg, The Netherlands). Before the start of the reaction, the temperature was maintained at 95°C for 4 min. To enhance the specificity of the reaction, a touchdown PCR was carried out as follows. The annealing temperature was initially 62°C, and it was decreased by 1°C every fifth cycle until it was 60°C, after which 25 additional cycles were carried out at 58°C. Denaturation was performed at 94°C for 1 min, primer annealing was performed at the temperatures described above for 90 s, and primer extension occurred at 72°C for 2 min. After the thermal cycle, there was a final extension step consisting of 72°C for 10 min, followed by cooling to 10°C. The nested PCR procedure consisted of performing a first PCR with primer Burk3 in combination with universal eubacterial primer R1378 (27) , using the PCR conditions described by Rosado et al. (36) . The products from the first PCR were diluted 1:1,000 and used as the template in the second PCR, which was performed with primers Burk3 (GC clamped) and BurkR, as described above for genomic DNA. The PCR products, expected to be approximately 500 bp long, were analyzed by electrophoresis in a 1.5% (wt/vol) agarose gel in 0.5ϫ TBE buffer (38) . When necessary, products were stored at Ϫ20°C before they were used for DGGE analysis.
DGGE. The DGGE analysis was performed by using the phorU2 system (Ingeny, Leiden, The Netherlands) and the method described by Rosado et al. (36) , except that 50 to 60% denaturant gradients were used and the gels were electrophoresed at a constant voltage of 100 V for 15 h. After electrophoresis, the gels were stained with SYBR Gold I nucleic acid gel stain (Molecular Probes Europe, Leiden, The Netherlands) and with a silver staining kit (Bio-Rad, Veenendaal, The Netherlands). The Molecular Analyst software (version 1.61; Bio-Rad) was used to analyze the DGGE profiles. The tolerance with respect to band positions was set at 0.8%. Cluster analysis was done with the Molecular Analyst software, using the unweighted pair group method with mathematical averages. Correlations were calculated using the Dice coefficient of similarity (95% probability). A relatedness tree was produced with the algorithm of the Molecular Analyst software.
PCR-DGGE system sensitivity. To evaluate the sensitivity of the PCR-DGGE system with soil DNA, a mixture of Burkholderia strains (Burkholderia andropogonis ATCC 19311, Burkholderia caribensis LMG18531, B. cepacia LMG18941, and Burkholderia multivorans LMG13010) was added to 50-g portions of nonsterile Wildekamp soil at three cell densities (5 ϫ 10 3 , 5 ϫ 10 4 , and 5 ϫ 10 5 cells of each strain per g of soil). In control pots, sterile water was added to the soil. All treatments were done in duplicate. After overnight incubation at room temperature, soil DNA was extracted as described above. The sensitivity of the PCR-DGGE method was evaluated by using both direct and nested PCRs and was analyzed further by DGGE.
Soil clones and sequence analyses. PCR products generated with DNA extracted from bulk soil and grass rhizosphere samples were purified with a High Pure PCR product purification kit (Boehringer). The products were then cloned into the pGEM-T easy vector by using Escherichia coli strain JM109 for transformation according to the procedure recommended by the manufacturer (Promega Benelux, Leiden, The Netherlands). Clones were randomly selected and grown, and after plasmid extraction with the Wizard Plus SV miniprep DNA purification system (Promega Benelux) they were used as templates in PCRs to produce products for controls in agarose gels. Soil clones producing PCR fragments of the appropriate size were then subjected to sequencing with an ABI Prism automatic sequencer (Greenomics, Plant Research International, Wageningen, The Netherlands). Sequence identities were determined by BLAST analyses (2) .
Sequence alignment. Sequences recovered from the GenBank/EMBL database or generated in this study were aligned by using Clustal___X (41) . Phylogenetic trees were constructed by the neighbor-joining method (37) based on distance estimates calculated by the method of Jukes and Cantor (29) . This analysis was performed with the TREECON program, version 1.3b (Yves van de Peer, Department of Biochemistry, University of Antwerp, Antwerp, Belgium).
Nucleotide sequence accession numbers. The sequences generated in this study have been deposited in the GenBank database under accession numbers AF407341 to AF407358. tained from GenBank revealed one region that was potentially specific for all of the Burkholderia sequences analyzed (Fig. 1) . A 15-mer forward primer was selected based on this region and was analyzed to determine its specificity for the genus Burkholderia by using all 16S rDNA sequences deposited in the GenBank database, estimated to represent more than 10,000 different sequences, and BLAST. The results showed that 51% of the 97 hits obtained belonged to members of the genus Burkholderia, 38% belonged to unculturable clones or as-yetunidentified bacteria, and 11% belonged to members of other genera, such as Pandoraea (6%), Ralstonia (1%), Thiothrix (3%), and Lautropia (1%). Subsequently, all 16S rDNA sequences of strains classified as Burkholderia were recovered from the database, and 92% of those containing the primer region (178 sequences) showed complete homology with the primer sequence; the remainder differed by insertions or deletions at the 3Ј end of the primer. The 16S rDNA sequences of several of the non-Burkholderia species which produced hits in the BLAST assay were included in additional alignments to search for a region that could be used as a reverse primer. This analysis revealed a consensus region at positions 646 to 663 (E. coli numbering [10] ) found only in members of the genus Burkholderia despite some variation in the third and fourth bases at the 3Ј end (T-to-C conversions) (Fig. 1) . A BLAST search was performed with this putative reverse primer sequence, including all C-T variations observed in Burkholderia spp. at the third and fourth nucleotides (CC, CT, and TT; positions 648 and 649). The BLAST report revealed that sequences containing the nucleotides C and T at positions 648 and 649 were widespread in Burkholderia species, occurring in 65 (45%) of the 145 Burkholderia 16S rDNA sequences which were available in the database and contained that region. Sequences with the nucleotide motifs CC and TT were less common, occurring in 43 (30%) and 23 (16%) Burkholderia 16S rDNA sequences, respectively. Only 9% of the remaining Burkholderia 16S rDNA sequences exhibited low levels of homology to the 3Ј end of the reverse primer sequence. Moreover, the BLAST search also identified 28 sequences from nonculturable or unidentified bacteria which might represent Burkholderia sequences. A few sequences belonging to other genera were also detected. However, since those sequences were not detected in the BLAST output obtained with the forward primer, the specificity of the primer system was not affected. In order to evaluate the positions of the Burkholderia species whose sequences displayed low levels of homology with one or both primers, a cluster analysis of complete 16S rDNA sequences from a range of Burkholderia species was performed (data not shown). The tree obtained showed that the lowhomology sequences clustered in distinct groups, quite apart from the other Burkholderia species. One cluster comprised sequences from one recently described species, Burkholderia kururiensis (48), from two as-yet-undescribed closely affiliated nitrogen-fixing species, tentatively designated Burkholderia tropicalis and Burkholderia brasiliensis, and from three strains identified as Burkholderia sp. (accession numbers AF262932, AF074712, and AF074711). Another separate branch with lowhomology Burkholderia sequences encompassed two putative Burkholderia spp. (X92188 and AJ011509) together with Pandoraea norimbergensis (Y09879), which has recently been removed from the genus Burkholderia (15) . Finally, other lowhomology sequences from strains identified as B. cepacia (AF244133) and Burkholderia sp. (AB011287, AY0055032, U76088, and AY0055039) were also separated from the main Burkholderia cluster.
RESULTS AND DISCUSSION
Thus, the analysis of all sequences from the database reported to belong to the genus Burkholderia showed that only a minority of the sequences (15 of 145) exhibited low levels of homology with either of the primers developed in this study. However, phylogenetic analysis showed that six of these sequences might actually belong to members of genera other than Burkholderia.
Finally, the forward (Burk3) and reverse (BurkR) primers were checked for possible secondary structures that could prevent annealing of the primers to the target region during the PCR. Due to the formation of a strong hairpin structure in the forward primer, the second base at the 5Ј end, a guanidine, was replaced by a thymidine (Fig. 1) . Although this change reduced the identity of the forward primer sequence with the Burkholderia 16S rDNA sequences, it did not affect the specificity of the primers.
Sensitivity and specificity of the PCR-DGGE system for Burkholderia spp. The specificity of the PCR-DGGE system was tested by using pure-culture DNAs from 14 Burkholderia species and 30 non-Burkholderia species as templates ( Table  1) . Products of the appropriate size (i.e., 500 bp) were detected with all strains of the Burkholderia species tested but not with any of the non-Burkholderia species. This indicated that the FIG. 1. Alignment of 16S rDNA sequences from Burkholderia and non-Burkholderia species, corresponding to the region amplified by the Burkholderia-specific primers. The numbers correspond to E. coli 16S rDNA sequence numbers (10) . Dashes indicate nucleotides that were identical to the nucleotides in the sequences at the top, which correspond to the 16S rDNA regions homologous to the Burkholderia-specific primers in the same DNA strand. R ϭ A or G.
primer pair used exhibited 100% specificity for species of the genus Burkholderia.
The specificity of the primers was also confirmed by performing sequence analyses of randomly chosen soil-derived clones (see Fig. 3 ). All 18 clones sequenced were identified as clones affiliated with Burkholderia species, and the levels of similarity were greater than 95% and often greater than 97% (it has been suggested that 97% similarity is a level that can be used to define species).
The sensitivity of the PCR-DGGE method was evaluated with DNA extracted from a mixture of four Burkholderia species after incorporation of the cells into soil. The concentrations of the inoculated cells were 5 ϫ 10 3 , 5 ϫ 10 4 , and 5 ϫ 10 5 cells g of soil Ϫ1 . The detection limit of the direct PCR-DGGE system in soil was high (5 ϫ 10 5 cells g of soil Ϫ1 ), and in order to increase the sensitivity, a nested PCR procedure, in which the clamped primer was used only in the second PCR, was performed. In this case, the detection limit was 5 ϫ 10 3 cells per g of soil (data not shown). The nested PCR procedure increased the sensitivity of the method but did not interfere with the specificity, since the DGGE patterns obtained with the two methods (nested PCR and direct PCR) were equivalent (data not shown). The increase in sensitivity due to the use of a nested PCR procedure was expected, especially when the target organism was present in an environment containing compounds that might inhibit PCR, such as plant-derived compounds (32) . Although the soil used in this study was not an organic soil, its organic matter content was high enough to affect the PCR when the direct approach was used. Due to the presence of potential inhibitors, the nested approach is more convenient for sensitive detection of Burkholderia communities in soil samples.
PCR-DGGE analyses. PCR-DGGE analyses of genomic DNAs of various Burkholderia strains showed that there were sufficient differences in the migration of the amplicons to discriminate between the majority of the Burkholderia strains listed in Table 1 (Fig. 2) . Products obtained from different strains of the same Burkholderia species displayed the same electrophoretic mobility, except for two strains of B. caribensis ( Fig. 2A) and several strains of B. cepacia (Fig. 2B) . On the other hand, the region amplified by the specific primers failed to distinguish Burkholderia plantarii from Burkholderia gladioli, as well as B. cepacia genomovar I and B. vietnamiensis, due to their similar electrophoretic mobilities. Sequence alignments showed that the species that could not be differentiated by DGGE exhibited very high levels of similarity in the 16S rDNA region amplified by the primers (99.2 to 99.4%). However, sequence analysis of DGGE bands can be used to differentiate between species, and sequencing in combination with DGGE is now routinely used in several laboratories (34) .
To evaluate if the patterns obtained for each strain were reproducible in a complex community, DNAs of four strains (B. andropogonis LMG6872, B. multivorans LMG13010, and B. cepacia ATCC 25416 and LMG18941) were mixed in a 1:1:1:1 ratio, and the mixture was used as a template in a PCR. The DGGE profiles obtained were in line with the profiles obtained for each strain separately (data not shown). In addition, the intensities of the bands corresponding to each strain were similar, showing that there was no preferential amplification. Some Burkholderia species produced DGGE patterns comprising more than one band (Fig. 2) , which could be explained either by the use of a degenerate reverse primer or by the presence of different 16S rDNA operons in one cell. To assess whether the use of a degenerate primer was the cause of the multiple bands, genomic DNAs from all Burkholderia species (Table 1) were used as the templates in PCRs performed with each of the three possible reverse primers separately. Each strain tested produced strong PCR products with only one of the three reverse primers. DGGE analyses of these PCR products revealed that the patterns obtained with nondegenerate primers (only one sequence) were similar to those obtained with the degenerate primers (mixture of three sequences) (data not shown). The similarity of the DGGE patterns obtained with the degenerate and nondegenerate primers suggested that the multiple bands could not be explained by the use of a combination of three sequences as a reverse primer. Another plausible explanation for the multiple bands is the fact that bacterial species have multiple rRNA genes, which might exhibit microheterogeneity. According to Klappenbach et al. (31) , the number of rRNA operons per bacterial genome can vary from 1 to 15. This probably reflects ecological strategies of bacteria, such as the rate at which some bacteria respond to nutritional changes (upshift) in the environment. The B. cepacia genome was estimated to contain a maximum of six rRNA operons (rRNA Operon Copy Number Database [http://rrndb .cme.msu.edu/rrndb/servlet/controller]), but this estimate was based on a limited number of strains. Indeed, the multiple bands detected in some species with nondegenerate primers indicate that these species have multiple 16S rDNA operons with different sequences in the fragment amplified by PCR. Based on this hypothesis, the number of bands obtained by PCR-DGGE may well be higher than the number of actual species present in a Burkholderia community. The fact that an organism might be represented by more than one band and the fact that one band might correspond to more than one organism suggest that the number of bands in DGGE profiles does not provide an accurate estimate of richness. Therefore, diversity indices obtained by analysis of DGGE gels must be evaluated carefully. However, the DGGE profiles can certainly be used to detect shifts in the Burkholderia communities due to different environmental conditions and/or over time.
Analysis of soil bacterial populations. Analysis of the sequences of 18 randomly picked clones obtained from grassland-derived DNA revealed that all of these sequences exhibited high levels of similarity to sequences typical of species of the genus Burkholderia (Fig. 3) . These results confirmed that the primer set used is probably specific for the genus Burkholderia. The most abundant species to which similarity was found among the soil clones was Burkholderia glathei, which was detected as the closest hit for seven different clones. Similarity to Burkholderia phenazinium and similarity to B. andropogonis were also detected, albeit in only one clone each. Although the remaining soil clones could not be identified to the species level, their relationship to Burkholderia species could be confirmed by phylogenetic analyses. A phylogenetic tree based on the 16S rDNA region amplified by the primers showed that three clones were closely related to B. phenazinium, one clone was closely related to Burkholderia caryophylli, and one clone was closely related to species belonging to the B. cepacia complex (Fig. 3) . Four soil clones formed a VOL. 68, 2002 METHOD TO ASSESS DIVERSITY OF BURKHOLDERIA SPECIES 1599 separate cluster closely related to the cluster formed by B. phenazinium and Burkholderia graminis. Two clones belonging to the latter cluster showed a high level of similarity to Burkholderia sp. isolate N2P6, a strain that was found to be closely related to Burkholderia fungorum and Burkholderia caledonica, two recently described species (15a). Interestingly, almost onehalf of the clones were included in this branch of the phylogenetic tree, which contains organisms known for their ability to produce antimicrobial compounds, such as B. phenazinium, and for their ability to degrade xenobiotic compounds, such as Burkholderia sp. strain N2P6 (15a) (Fig. 3) . The DGGE profiles of the total Burkholderia populations in bulk and rhizosphere soil samples from the grassland were complex, comprising between 13 and 20 bands for each sample (Fig. 4A) . The analysis of the DGGE profiles generated a dendrogram which showed clear grouping of the samples in two clusters, one composed of the two bulk soil samples and the other composed of the two rhizosphere soil samples (Fig.  4B) . Therefore, this analysis demonstrated that grass roots had a clear influence on the structure of the Burkholderia populations. As some strong bands were detected in all samples, the main differences among samples were identified by analyzing the weaker bands. A comparison of the DGGE profiles obtained directly with soil DNA and the DGGE profiles obtained with the soil clones allowed presumptive identification of some of the bands. Thus, two strong bands present in all samples were identified as bands produced by organisms related to B. glathei (clones Rd08 and Bb04) and by organisms related to Burkholderia sp. strain A6.2 (clone Rd09), a strain closely related to B. caryophylli. In addition, several bands that were present in only one plot were also identified. Thus, two bands detected only in the rhizosphere soil of plot 31 were identified as bands produced by organisms related to B. andropogonis (clone Re07) and Burkholderia sp. strain S512 (clone Re12) (Fig. 4A) .
DGGE analyses of the PCR products obtained from both pure-culture and soil DNAs revealed that this technique was useful for evaluating the diversity of Burkholderia in soil samples. This is an advantage compared to the methods used previously, which relied on evaluation of specific groups within the genus Burkholderia, such as the B. cepacia group (5, 23) . PCR-DGGE proved to be a powerful tool for detecting the dominant members of the Burkholderia community since it combined the sensitivity and specificity of the genus-specific PCR with direct screening of the dominant sequences, visualized on the basis of sequence divergence, via DGGE. Using   FIG. 3 . Phylogenetic tree showing the relationship between some Burkholderia species and soil-derived clones. The tree was constructed based on the fragment amplified by the Burkholderia-specific primers at positions 155 to 663 of the 16S rDNA (E. coli numbering [10] ), using the neighbor-joining method (37) . A bootstrap analysis was performed with 100 repetitions, and only values greater than 50 are shown. The GenBank accession number for each strain is enclosed in brackets. The bacterial sequence most closely related to each clone and the level of identity are shown after the clone designation. Soil clones Ba03, Ba12, Bb01, Bb04, and Bb05 also exhibited similarity to unculturable eubacterium WD2116 (accession number AJ292648) (96, 96, 98, 98, and 98% identity, respectively). Soil clone Bb08 exhibited 98% identity with unculturable eubacterium WD2120 (accession number AJ292661); soil clone Rd12 exhibited 99% identity with unculturable eubacterium WD263 (accession number AJ262641); and soil clone Re07 exhibited 96% similarity with unculturable eubacterium WD211 (accession number AJ292651). The letters in the clone designations indicate the following: B, bulk soil; R, rhizosphere soil; a and d, plot 47; b and e, plot 31.
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METHOD TO ASSESS DIVERSITY OF BURKHOLDERIA SPECIES 1601 this system, an effect of the grass rhizosphere on the selection of specific groups of Burkholderia species could be observed. Since this effect occurs because of the presence of compounds released by the roots, changes in the composition of these compounds are likely to induce changes in the rhizosphere populations. In fact, different crops can induce shifts in diversity by selecting different bacterial communities in their rhizospheres (40) . Therefore, agricultural practices can induce changes in microbial diversity, and these changes presumably lead to changes in the ecological roles of Burkholderia spp. The PCR-DGGE system described here is now being used to study the effect of crop rotation on the diversity of Burkholderia populations, particularly measures that result in an increase in the presumably beneficial (plant-growth-promoting or antagonistic) Burkholderia species. Thus, PCR-DGGE targeting specific groups of microorganisms should be a useful monitoring tool for predicting the effects of agricultural practices on microbial communities in soil.
